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SUMMARY 


An experimental investigation was made to determine the effects of 
wing position on the low-speed static longitudinal and static lateral 
stability derivatives of airplane models having fuselages of square and 
rectangular cross sections and -unswept and 45° sweptback surfaces. The 
horizontal tail of each model was located on the fuselage center line. 

The results of the investigation indicated that at low angles of 
attack the complete unswept models with the wing in the high position 
were more stable or least longitudinally unstable; whereas, for the swept 
models there was little change in longitudinal stability with changes in 
wing position. For both the swept and unswept complete configurations 
the low-wing position was generally the least stable in the medium angle- 
of -attack range; whereas, at high angles of attack there was little 
significant difference in the stability of the models due to wing posi- 
tion. The results also showed that in the low and medium angle -of -attack 
range moving the wing from the low to the high position generally causes 
a decrease in the directional stability for both the swept and unswept 
configurations. The low-wing configuration was indicated to have the 
smallest detrimental effects caused by sidewash on the tail contribution 
to the static lateral stability derivatives for almost the entire test 
angle -of -attack range. 

The results also showed that wing-fuselage interference causes an 
increase in effective dihedral angle when the wing is moved from the low 
to the high position as occurred for the circular-cross-section fuselage 
reported on in previous investigations. 
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INTRODUCTION 


Pitch-up and loss in directional stability at high angles of attack 
have been encoiantered in some high-speed airplanes and have led to the 
consideration of changes in various airplane components in an attempt to 
alleviate or to eliminate these difficulties. Some of the changes under 
consideration are in ving position, fuselage cross-sectional shape, and 
horizontal-tail position. Several systematic investigations have been 
made to determine the effects of these changes on the stability character- 
istics of models with fuselages of circular cross section (refs. 1 and 2, 
for example) and the effects of fuselage cross-sectional shape on the 
static stability characteristics of midwing models having unswept and 
45 ° swepthack surfaces ( ref . 5 ) • 

The same models used in the investigation of reference 3 were used 
in the present investigation which was concerned with the effects of 
varying the wing position on the static stability characteristics of 
models having fuselages of square and rectangular cross sections and 
having interchangeable unswept and 45° swepthack wing and tail surfaces. 
For the present investigation the horizontal tail was located on the 
fuselage center line, as was the case in the investigation of reference 3- 


SYMB0I5 


The data are referred to the stability system of axes with the 
origin on the fuselage center line; the longitudinal location is at the 
projection of the wing aerodynamic center on the fuselage center line. 
Positive directions of forces, moments, and angular displacements are 
shown in figure 1. The coefficients and symbols are defined as follows: 

Cl Tift coefficient, 

Cp drag coefficient, F^/qS^ 

Cy lateral-force coefficient, Fy/qS^ 

rolling -moment coefficient, My/qSyb^ 

Cj^ pitching -moment coefficient, My/qS^cy 

Cji yawing -moment coefficient, M^/qSyby 

Fl lift 
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Cr 

ct 


c 


drag (approximate) 
lateral force 
rolling moment 
pitching moment 


yawing moment 


dynamic pressure. 




free-stream velocity 
mass density of air 
aspect ratio, h^/s 

span, measured perpendicular to fuselage center line 
plan-form area 

chord, measured parallel to plane of symmetry 
root chord 
tip chord 


mean aerodynamic chord; for example. 



cw^dy 


y coordinate along Y-axis, measured from plane of symmetry 

Zy or Ijj tail length, distance parallel to fuselage center line 
from mounting point to or 

h' average fuselage height at wing root 

w' average fuselage width at wing root 

h perpendicular distance from fuselage center line to c^jk (tail 

root chord coincides with fuselage center line) 
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Ah wing height, perpendicular distance from fuselage center line 

to wing chord plane (positive when wing is above fuselage 
center line) 

R local radius of circular fuselage 

r fuselage corner radius, R/5 

w local half -width of square or rectangular fuselage 

d local half -depth of square or rectangular fuselage; for square 

fuselage, d = w 

X longitudinal distance along fuselage center line measured from 

fuselage nose 

f 

r effective dihedral angle, deg 


A taper ratio, c^y/Cj. 

A angle of sweep of quarter-chord line 

(3 angle of sideslip 

azimuth angle 
a angle of attack 



SCy 


n _ 

"'e "ST 



contribution of the tail group to derivatives; that is, 
for the wing on, ‘ 

for the wing off, ACyi, = ‘ (%)f' 


for a wing-tail configuration. 
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Subscripts and abbreviations: 


W 


wing; used with subscripts 1, 2, and 3 to denote wing position 
relative to fuselage (see fig. 2) 


F 


fuselage; used with subscripts 1 to 4 to denote various fuselages 
(see fig. 3) 


H 


horizontal tail; used with subscripts 1 and 2 to denote unswept 
and swept configurations, respectively (see fig. 4) 


V 


vertical tail; used with subscripts 1 and 2 to denote unswept 
and swept configurations, respectively (see fig. 4) 


APPARATUS AND MODELS 


The tests were conducted in the 6- by 6-foot test section of the 
Langley stability tunnel. The models used were designed to permit tests 
of the wing alone, the wing-tail combination, the fuselage alone, the 
wing-fuselage combination (with the wing at several different positions), 
or the fuselage with any tail configuration with or without the wings. 

The relative locations of the wing, fuselage, and tail surfaces are shown 
in figure 2. 

Fuselages of square and rectangular cross sections having rounded 
corners were tested. A side view and cross section of each fuselage are 
given in figure 3 together with the designation by which the fuselages 
are identified. The coordinates of the square and rectangular fuselages 
were so determined that the variation of the cross-sectional area of each 
fuselage along the longitudinal axis was the same as that of the circular- 
cross-section fuselage ^F]_^ discussed in reference 3* The coordinates 
of the fuselage with circular cross section are given in table I. 

The configurations tested had both swept and unswept wing and tail 
surfaces. The quarter-chord lines were swept back 0° and 45° for the 
unswept and swept surfaces, respectively. The wings had a taper ratio 
of 0.6 and an aspect ratio of 4. The tail surfaces also had a taper 
ratio of 0.6. The aspect ratio and other geometric characteristics of 
the various tail surfaces as well as those of the wings are given in 
table II. The geometric characteristics of the various tail surfaces are 
shown in figure 4 together with the designation chosen to identify each 
surface. The wings were tested at the midwing location and also at posi- 
tions one-third of the maximum body depth above and below the fuselage 
center line. All lifting surfaces were set at 0° incidence with respect 
to the fuselage center line. 
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The models were mounted on a single strut support at a point on the 
fuselage center line^ located for the swept and iinswept configurations 
as shown in figure 2. A photograph of the swept config\iration with fuse- 
lage 2 and with the wing in the middle location is given as figure 5. 

For the wing-tail configurations the tail was mounted on a steel 
tube of small diameter which was fastened to the wing or wing mounting 
bracket. The locations of the wing and tail corresponded to the locations 
of the wing and tail when tested in combination with a fuselage. The 
isolated tail was mounted on the same tube which was then attached to the 
model support strut. For the wing-tail and isolated-tail tests ^ the tail 
area included the portion normally enclosed in the fuselage. 

Forces and moments were measured by means of a conventional six- 
component balance system. 


TESTS AND CORRECTIONS 


Tests were made at a dynamic pressure of 24.9 pounds per square foot 
which corresponds to a Mach number of about 0.15 and a Reynolds number of 

about 0.71 X 10^ based on the mean aerodynamic chord of the wings. The 
models were tested through an angle-of-attack range from -4 up to and 
beyond maximum lift (of wings alone) at angles of sideslip of 0° and 
Tests of the complete configurations were also made at angles of attack 
of 0°^ 10°, 20°, and 26° through a range of sideslip angle from -20° 
to 20°. 

Approximate corrections based on unswept-wing theory for the effects 
of jet boimdaries (ref. 4) have been applied to the lift, drag, and 
pitching-moment coefficients. No corrections for the effects of support- 
strut interference have been applied to the data; however, some data are 
presented to show the support-strut interference for several complete- 
model configurations. 


RESULTS AND DISCUSSION 


Presentation of Results 

The static longitudinal stability characteristics of the models are 
given in figures 6 to 15 and the static lateral stability characteristics 
are presented in figures l4 to 26. A summary of the configurations inves- 
tigated and of the figures that present the basic data for these config- 
urations is given in table III. 
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Static Longitudinal Stability Characteristics 

Complete models .- The effects of wing position on the static longi- 
tudinal stability characteristics of the complete models are given in 
figure 6. In the low angle-of -attack range for the unswept configura- 
tions, the models with the wing in the high position were the most stable 
or least longitudinally unstable. For all wing positions the configura- 
tions with the shallow fuselage were unstable in the low angle -of- attack 
range due to the large instability of fuselage i*-. Wing position had 
little effect on the longitudinal stability of the swept-wing models in 
the low angle-of -attack range. Although differences in the tare values, 
shown in figure 8, caused some change in trim for the swept-wing models, 
the stability in this range was unchanged by neglecting the tare data. 

For both the swept and unswept models the low-wing model was generally 
the least stable in the medium angle-of -attack range. At the high angles 
of attack there was little significant difference in the stability of the 
models due to wing position. For angles of attack just below the stall, 
the unswept configuration with the low wing and the swept configuration 
with the high wing appear to have slightly better longitudinal character- 
istics than the other configurations. 

Both the unswept and swept models showed a pitch-up tendency} how- 
ever, for the unswept model the angle for pitch-up was above the stall 
angle of attack and the effect for an actual airplane would not be as 
important as that for the swept models which showed this tendency at an 
angle of attack below stall. Wing position had little effect on pitch- 
up tendency of the models. As a matter of interest and in order to give 
an indication of the changes in trim that may occur with angle of side- 
slip, changes in pitching-moment coefficient with angle of sideslip for 
the complete models at several different angles of attack are presented 
in figure 7* 

The data of figure 6 show that for both the swept and unswept con- 
figurations changes in wing position cause little change in drag coeffi- 
cient at low angles of attack. At the high angles of attack changes in 
wing position generally cause a larger change in drag coefficient for the 
swept models than for the unswept models with the low-wing models providing 
the lowest drag and the high-wing models the highest drag coefficient. 

The reason for the low values of drag coefficient up to an angle of attack 
of 8° for the unswept complete configuration with fuselage 5 is not clear 
since the data for the wing-fuselage configuration do not show this effect 
(see fig. 9(b)). For the unswept models the low-wing configurations gen- 
erally have a slightly higher lift coefficient at low angles of attack 
than the midwing or high-wing configurations; whereas, for the swept models 
the low-wing configurations generally have a slightly lower lift coeffi- 
cient than the models with other wing positions. At high angles of attack 
the effect of wing position is generally greater for the swept models 
than for the unswept models with the high wing position providing the 
highest lift and the low wing position the lowest. 
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In order to give an indication of the strut tare corrections to 
Cl, and Cj) for the complete models, figure 8 has been prepared- 

Although the corrections have not been applied to the data, it appears 
from the figure that the general conclusions are not altered. In the 
application of the corrections the values of Cl and Cm shown in fig- 
ure 8 should be added to the data, whereas the increments of Cp should 
be subtracted from the data. 

In general, the effects of wing position on the longitudinal char- 
acteristics of the models with the square and rectangular fuselages are 
similar to those obtained with the circular fuselage reported in refer- 
ence 1. 


Wing-fuselage configurations .- For the wing-fuselage configurations, 
changes in wing position had only a small effect on the longitudinal 
stability throughout the angle-of -attack range tested. (See fig. 9>) 

The midwing configuration generally was less unstable than the high- or 
low-wing configurations. There were only small changes in drag coeffi- 
cient at low angles of attack due to wing position. As was the case for 
the complete models, changes in wing position caused a larger increase 
in drag coefficient for the swept models than for the unswept models at 
high angles of attack with the low-wing models having the lowest drag 
and the high-wing models having the highest drag. The effects of wing 
position on the lift coefficient for the wing-fuselage configurations 
were similar to those noted for the complete models. 

Fuselage and fuselage-tail configurations .- The data for the fuse- 
lage and fuselage-tail configurations have been presented in reference 3 
but are also presented here for completeness. In figures 10 and 11 are 
presented the static longitudinal characteristics of the fuselage and 
fuselage-tail configurations, respectively. The pitch-up tendency shown 
for the fuselage — unswept-tail configuration at moderate angles of attack 
is, of course, due to stalling of the horizontal tail. There are two 
sets of pitching-moment data for the fuselage alone since the center of 
moments was slightly different depending on whether the fuseleige was used 
in conjunction with swept or unswept wing-tail surfaces . This difference 
in center-of-moment location caused only a small difference in the longi- 
tudinal stability of the fuselages. 

Wing, wing-tail, and isolated-tail configurations .- The longitudinal 
characteristics of the wing, wing-tail, and isolated-tail configurations 
are given in figures 12 and 13 . Inasmuch as the characteristics of these 
swept and \mswept wings have been reported in several other investigations, 
such as references 1, 5^ 6, they are not discussed herein. 

As was mentioned in the section entitled "Apparatus and Models," 
the wing-tail and tail-alone configurations were tested with the tail 
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mounted at the appropriate tail length on a steel tube of small diameter 
which was fastened to the wing or wing mounting bracket. The locations 
of the wing and tail corresponded to the locations of the wing and tail 
when tested in combination with a fuselage. Since the effects of changes 
in wing position were the largest for the model with fuselage of deep 
rectangular cross section (Fj), only the results for the wing locations 

that correspond to those of fuselage 5 are presented in figures 12 and 13 
Also in figure 13 are presented the longitudinal characteristics of the 
isolated tail. Figure 12 shows that there is little effect of wing 
location - that is, wing location with respect to the balance center - 
on the static longitudinal characteristics of the wings . A study of 
figure 13 shows that adding the wing to the isolated tail causes a 
decrease in longitudinal stability at low angles of attack which is much 
larger for the unswept wing than that obtained with the swept configura- 
tion. The decrease in longitudinal stability obtained is caused, of 
course, by downwash. Varying the wing position has only a small effect 
on the longitudinal stability of the swept wing-tail configurations in 
the low angle-of -attack range j however, for the unswept wing-tail config- 
urations, raising or lowering the wing causes an increase in longitudinal 
stability at low angles of attack with little significant differences in 
stability at high angles of attack. For both the \mswept and swept con- 
figurations the variation of pitching-moment coefficient with angle of 
attack is generally very similar to the variation obtained for the respec 
tive complete configurations. 


Static Lateral Stability Characteristics 


Complete models .- The effects of wing position on the static lateral 
stability characteristics for the complete models are given in figure 1^^. 
From the figure it can be seen that moving the wing from the low to the 
high position causes an increase in the negative value of Cj^ in the 

low angle-of -attack range, as was expected. The increase is greatest for 
the deep rectangular fuselage for both the swept and unswept con- 

figurations. There is no consistent effect of wing position on C^^ for 


either the unswept or swept configurations at high angles of attack 
value of 


The 


Cjp, however, becomes positive (negative dihedral effect) for 


all the swept configurations for a range of angle of attack below the 
angle of stall. This effect would not be expected to exist at higher 
Reynolds numbers. (See ref. "J , for example.) 


In the low and medium angle-of -attack ranges for both the swept and 
unswept models moving the wing from the low to high position generally 
causes a decrease in the value of Cnp. For the swept models the vari- 


ation of 



with angle of attack is such that 


Cq becomes negative 
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at the higher angles of attack. For the swept models the unstable values 
of and the positive values of C7 in the range above about 

np ^ ip 

a = 10° are factors which, together with the pitch-up tendencies noted 
before, can result in an airplane configuration that could have highly 
divergent characteristics at these high angles of attack. It should be 
pointed out, however, that the results of the present investigation have 
been obtained at a relatively low Reynolds number and that some changes 
in the derivatives obtained in the present investigation would probably 
not result at higher Reynolds numbers. For the unswept configurations 
with the square and shallow rectangular fuselages, remains positive 

throughout the angle-of -attack range tested j whereas, for the deep- 
rectangular -fuselage configurations the values of become negative 

at high angles of attack for the midwing and low wing position. However, 
for the high wing position small positive values of 0^^ are maintained 

throughout the angle-of -attack range tested. Moving the wing to either 
the high or low position generally causes to increase negatively. 

Part of the increase is due to the end-plate effect of the wing on the 
fuselage. This effect was also obtained with the circular fuselage in 
reference 1. 

In general, the effects of wing position on the static lateral 
stability derivatives for models with square and rectangular fuselages 
are similar to those obtained with models having fuselages of circular 
cross section. In order to give an indication of the strut tare correc- 
tions to and Cyo for the complete configurations, figure I5 


Cnp, and Cyp 


is presented. As was mentioned for the case of static longitudinal sta- 
bility, the tare corrections were not applied to the data, but it appears 
from the figure that the general conclusions are not altered. In the 
application of the corrections the values of C^p shown in figure 15 

should be added to the data, whereas the values of Cn and Cv should 

be subtracted from the data. 


The values of C^p, 


*^np^ %p 


discussed up to this point were 

obtained from the values of the coefficients at p = i5°. In order to 
show the range of sideslip angle for which these values would apply, 
figures I6 to I8 are presented to show the variation of Cj, Cn, and 

Cy for angles of attack of 0°, 10°, 20°, and 26° for a range of sideslip 
angle p from -20° to 20°. Generally, the variation of Cj, On, and 
Cy with angle of sideslip is nonlinearj however, the curves obtained 
for Cy are more nearly linear than those for C^ and Cn- The range 
of sideslip angle for which Cnp remains constant is decreased from ±10° 
at 0° angle of attack to roughly ±5° at 26° angle of attack. With few 
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exceptions which generally occur at 0 ° angle of attack, there is little 
effect of wing position on the range of linearity of the data. 


The effects of wing position on the tail contribution to 




and Cyp can be seen from figure 19 - This figure presents the incre- 
ments ^np/ obtained by subtracting 

the values of Cjp, Cnp, and Cyp for the wing-fuselage configurations 

from the values of the derivatives for the complete configurations. For 
comparison purposes, the values of ^Zp-> ^n.p> and ^Yp for the isolated- 

tall group are also presented. The figure shows that at low angles of 
attack the interference (sidewash) of the wing-body combination on the 
tail contributions is small, whereas at the higher angles the interference 

- 'n, 


is considerably greater. This condition is especially true for Cy 


and Cyp • The lov-ving configuration generally has the smallest inter- 


ference effects on 
angle-of-attack range. 


and AC- 




for almost the entire test 


Wing-fuselage configurations .- The effects of wing position on C^p, 


Cnp, and 


Cyp for the wing-fuselage configurations are given in figure 20 . 


From the figure it can be seen that at low angles of attack changing the 
wing from the low to the high position changes the value of Cjp from a 


positive to a negative value. This effect is true of course for both 
the swept and unswept configurations and is a result, as was pointed out 
in reference 1 , of the crossflow about the yawed body which induces a 
positive angle of attack for the leading wing and a negative angle of 
attack for the trailing wing for the high wing arrangement and which 
Induces the opposite effect for the low wing arrangement. The changes 
in effective dihedral angle with wing height at a = 0 ° for the config- 
urations of the present Investigation and also for the circular-fuselage 
configuration discussed in reference 3 are presented in figure 21 . The 
values of Cjp obtained in the present tests were converted into an 

effective dihedral angle by using the values of Cjp caused by a unit 


change in dihedral angle as given in reference 8. The value of Cjp 

per degree of geometric dihedral obtained from reference 8 was 0.00020 
for the unswept configurations and 0.00018 for the swept configurations. 
Figure 21 shows that the effective dihedral angle varies from - 3 - 5 ° to 
4 . 0 ° for the circular-fuselage configuration and from - 3 * 5 ° to 6.8° for 
the deep-rectangular-fuselage configuration when the unswept wing is 
raised from the low to the high position. For the swept configurations 
the effective dihedral varies from - 4 . 1 ° to 4 . 5 ° for the circular-fuselage 
configuration and from -6.0° to 6.5° for the deep-rectangular-fuselage 
configuration when the wing is moved from the low to the high position. 
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The expression 


Increment in “ 




57-3 


obtained from reference 9 used to estimate the increment in 

at a = 0° resulting from wing -body interference. The total meas\ired 
increment resulting from moving the wing from the low to the high posi- 
tion was used in the comparison between measured and estimated values 
shown in figure 22, since for some cases equal increments were not 
obtained in the tests by moving the wing equal distances above and below 
the fuselage center line. Accordingly, the value obtained from the 
empirical relation was doubled. The comparison shows that the estimated 
values at a = 0° are slightly lower than the measinred values for the 
square- and rectangular-fuselage configurations. Figure 22 also shows 
that the increments in Cj measured for the swept configurations are 

slightly higher than those for the unswept configurations. 

At low angles of attack near zero there is little or no effect of 
wing position on C^p for the wing-fuselage configurations. (See 

fig. 20.) At the higher angles of attack the effect of wing position is 
larger but the effect is not consistent. 


As was the case with the complete configuration, adding the wing to 
the fuselage increases Gyp at low angles of attack because of the end- 

plate effect of the wing on the fuselage. The effect of wing position 
on Gyp is generally much larger at the high angles of attack for the 

square-fuselage and for the shallow-rectangular-fuselage configurations 
when tested with the unswept wing than for any of the other configurations 
tested (fig. 20 ). The configurations with the deep rectangular fuselage 
develop relatively large negative values of Gyp at high angles of attack. 


Fuselage and fuselage-tail configurations .- The data for the fuselage 
and fuselage-tail configurations have been presented in reference 3 but 


are also presented here for completeness. The variations of Ci 




'TLo) 


and Gyp with a for the fuselage and fuselage-tail configurations 

tested are shown in figures 23 and 2l, respectively. Data are presented 
for two center-of-moment locations; one corresponds to the center-of- 
moment position for the unswept configurations and the other to the 
center-of-moment position used for the swept configurations. The fuselage 
with the more rearward center of moments (used with the swept configura- 
tions) is slightly more directionally unstable than that with the forward 
center-of-moment location. 
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Wing, ving-tall, and isolated- tall configurations .- The lateral 
characteristics of the wings are given in figure 25 * The location of 
the wings with respect to the mounting strut corresponded^ of course, 
to the location of the wings when tested in combination with the other 
model components. Since the effects of changes in wing position were 
the largest for the model with Fj, only the results for the wing posi- 
tions that correspond to those of fuselage 3 are presented in this figure. 
The results show little effect of wing location - that is, wing location 
with respect to the balance center - on the lateral characteristics of 
the wings . Inasmuch as the wing-alone characteristics have been reported 
in other investigations, such as those of references 1, 5^ ^J^d 6, they 
are not discussed herein. 

The results of the wing-tail and isolated-tail configurations are 
given in figure 26. From the figure it can be seen that the midwing 
reduces the dihedral effect of the vertical tail for the unswept midwing 
configuration at low angles of attack. The high and low wing positions, 
however, cause only a little change in dihedral effect of the tail. For 
the swept configurations near zero angle of attack there is little effect 
of wing on the tail dihedral effect caused by the midwing and low-wing 
configurations; however, the high wing causes an increased dihedral effect. 


For the unswept wing-tail configuration raising the wing generally 


decreased the value of C 


npj 


whereas there was little difference between 


the values for the midwing and low-wing configurations at low angles of 
attack. For the swept wing-tail configuration lowering the wing increased 
slightly the value of Cn^ obtained for the wing-tail configurations. 

An opposite effect to that obtained for Cn„ took place in regard to 


3 


A better indica- 


increases and decreases in the negative value of 

tion of the interference effects of the wing on the tail contribution for 
the wing-tail configurations can be obtained from figure 27 which presents 
the tail contributions for the isolated tail and for the tail in the pres- 
ence of the wing. The increments of ^n^^ example, contributed by 

the tail when tested in combination with the wing were obtained by sub- 
tracting the values of obtained for the wing alone from the values 

obtained from tests of the wing-tail configurations. The differ- 


of C 


np 


ence between the values obtained with the isolated-tail and the wing-tail 
configurations can be attributed to interference effects. The interference 
effects of the wing on the tail generally are much larger at high angles 
of attack than they are at low angles of attack. For the unswept wing- 
tail configuration, the interference on the tail contribution to is 

relatively large at low angles of attack for the midwing position and is 
considerably larger than the interference for either the high- or low-wing 
configuration. The high wing position causes the greatest interference 
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on the tail contribution to 



at low angles of attack^ whereas at 


angles of attack above the angle of wing-alone maximum lift the low-wing 
configuration has a considerably larger interference effect than either 
the high wing or midwing position for which the interference effects are 


nearly equal, 
those for C 


np- 


The interference effects on Cy are about the same as 
For the swept wing-tail configijrations the interference 


of the wing on the tail contribution to and 


is the 


least at low angles of attack for the midwing configuration. At angles 
of attack above the angle of attack of wing-alone maximum lift the inter- 
ference is generally much larger than that obtained at the low angles, 
but near an angle of attack of 52° the interference decreases with the 
high-wing configuration producing the lowest interference effects. 


For easy comparison there are shown in figure 28 the increments 


in 




and Cy contributed by the tail when the tail was tested in 
^3 


combination with the wing and fuselage, with the wing (fuselage off), 
and with the fuselage (wing off). Also presented in the figure are the 
values of C^p obtained with the isolated tail. The approximate angle 

of maximum lift coefficient for each wing is also Indicated in the fig- 
ure. A study of figure 28 indicates that the separate effects of the 
wing and fuselage on the tail contributions to Cnp and Cyp are not 

additive but are modified when the wing and fuselage are combined. The 
effects depend on wing sweep, wing position, and fuselage cross section. 


CONCmSIONS 


The results of an experimental investigation to determine the effects 
of wing position on the low-speed static longitudinal and static lateral 
stability derivatives of airplane models having fuselages of square and 
rectangular cross sections and unswept and 45° sweptback surfaces indi- 
cate the following conclusions: 

1. At low angles of attack the complete unswept models with the wing 
in the high position were most stable or least longitudinally unstable, 
whereas for the swept models there was little change in longitudinal sta- 
bility with changes in wing position. For both the swept and unswept 
complete configurations the low wing position was generally the least 
stable in the medium angle-of -attack range, whereas at high angles of 
attack there was little significant difference in the stability of the 
models due to wing position. 
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2. In general^ the effects of wing position on the longitudinal char- 
acteristics of the models with the square and rectangular fuselages are 
similar to those obtained with models having circular-cross-section 
fuselages . 

5 - In the low and medium angle-of-attack ranges, moving the wing 
from the low to the high position generally causes a decrease in the 
directional stability for both the swept and \inswept configurations. 

4 . The low -wing configuration generally has the smallest detrimental 
effects, caused by sidewash, on the tail contribution to the static lat- 
eral stability derivatives for almost the entire test angle-of-attack 
range. 

5. Wing-fuselage interference causes an increase in effective 
dihedral angle when the wing is moved from the low to the high position. 
This effect is similar to that obtained for a circular-cross-section 
fuselage in a previous investigation; however, for the deep-rectangular- 
fuselage configuration the change in dihedral is somewhat larger than 
that obtained with the circular fuselage. 


Langley Aeronautical Laboratory, 

National Advisory Committee for 
Langley Field, Va. , August 


Aeronautics, 

10, 1956. 
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TAELE I.- COORDINATES OF THE CIRCIILAR- CROSS -SECTION FUSELAGE AND 
EQUATIONS FOR COORDINATES OF THE SQUARE- AND 
RECTANGULAR-CROSS-SECTION FUSELAGES 



Circular-fuselage coordinates 



X, in. 

R, in. 

0 

0 

2 

. 61 ^ 

k 

1.20 

6 

1.68 

8 

2.09 

10 

2.42 

12 

2 . 6 t 

Ik 

2.85 

16 

2.96 

18 

3.00 

20 

2.99 

22 

2.97 

2k 

2.95 

26 

2.87 

28 

2.79 

30 

2.70 

32 

2.60 

3 ^ 

2.47 

36 

2.55 

38 

2.18 

ko 

2.01 

k2 

1.82 

kk 

1.61 

k^ 

1.50 


Equation for coordinates of square fuselage: 




-[(if - 


jtR 


Equations for coordinates of rectangular fuselage: 

r.2 


4vd 


-[‘(if - '(if 


= JtR 


w = |r 
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TABLE II.- PERTINENT GEOMETRIC CHARACTERISTICS OF MODEL 


Wing: 

Aspect ratio ^ Ay ^-0 4.0 

Taper ratio, Ay 0.6 0.6 

Quarter-chord sweep angle, A, deg 0 45 

Dihedral angle, F, deg 0 0 

Twist, deg 0 0 

NACA airfoil section 65AOO8 65AOO8 

Area, Sy, sq. in 524 524 

Span, by, in 56 56 

Mean aerodynamic chord, ^y, in 9-19 9-19 


Vertical tails: 

Aspect ratio. Ay 

Taper ratio. Ay 

Quarter-chord sweep angle. A, deg . . . 

NACA airfoil section 

Area, Sy, sq in 

Span, by, in 

Mean aerodynamic chord, Cy, in 

Tail length, 2y, in. 

Distance from root chord to Cy/4, h, in. 


Horizontal tails: ^ 

Aspect ratio, Ajj 4.00 2.77 

Taper ratio, Ag 0-6 0.6 

Quarter-chord sweep angle. A, deg 0 45 

NACA airfoil section 65AOO8 65AOO8 

Area, Sg, sq. in 64.8 64.8 

Span, bg, in 16.IO 13.40 

Mean aerodynamic chord, Cg, in. 4.11 4-94 

Tail length, Zg, in. 16.7O 16.7O 


2.00 1.40 

0.6 0.6 

0 45 

65AOO8 65AOO8 

48.6 48.6 

9.90 8.25 

5.02 6.02 

16.70 16.70 

4.54 5.78 


Fuselages: 

Lengthy in 

Volume^ cu in 

Side area^ sq in. . . . . 
Wing height-span ratio, Ah/b 


n ^2 F3 A 


45 

45 

45 

45 

823 

823 

823 

823 

206 

186 

250 

136 

±0.0555 

±0.050 

±0.0627 ±0.057 


TABLE III.- CONFIGURATIONS INVESTIGATED 


Configuration 


Basic data 


Figure 


Complete models 

Wing-fuselage . 

Fuselage . . . 

Fuselage-tail . 

Wing 

Wing-tail and 
isolated-tail 


Cl Cd 

Cvn C7 

Yp ip 

Cm 

Cy Cj 


Tare corrections to 
Tare corrections to 




'n 


► plotted against a 


plotted against p 


"n 




I16 to 18 


Cl Cc c^ 


■'Yp 


p ^ plotted against a 


8 

15 


Cy. 


Cd 


Cm 

C 




>• plotted against a 


9 

20 


^L 


P 


Cl 


P 


“"in 




r plotted against a 


10 

23 




Cm 

C 


n„ 


r plotted against a 


11 

2 k 


Cd 


“'m 


■'Hr 


, plotted against a 


12 

25 


^D 


m 


Sj 


plotted against a 


13 

26 
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r. 


y 



Figure 1 . - Nomenclature for stability system of axes . Arrows indicate 
positive directions of angles, forces, and moments. 






(b) 45° swept surfaces. 


Figure 2.- Dimensions of a complete model. (All dimensions are in inches unless 

otherwise stated. ) 


ru 

H 


NACA TN 3857 


22 


MCA TN 5857 



Circular - cross-section fuselage ^Fi J 



Square -cross - section fuselage ^F2j 



Deep - rectangular - cross - section fuselage ^FjJ 






Section A - A 




i 



1 

p 



Section A - A 



Section A - A 





— 

Shallow - rectangular- cross - section fuselage ^F^ j Section A - A 


Figure 5*- Side views and cross sections of fuselages. 
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Figure 4 .- Geometric characteristics of the horizontal and vertical tails. 
(All dimensions are in inches unless otherwise stated.) 
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Figure 5 *- View of 45 ° swepfback configuration. 
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(a) Square fuselage, F2- 

Figure 6 .- Effect of wing position on the static longitudinal stability 
characteristics of several unswept and sweptback wing-fuselage - 
tail configurations . 
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(b) Deep rectangular fuselage^ F^. 
Figure 6 .- Continued. 
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Angle of attack, OC, deg 



(c) Shallow rectangular fuselage, F|^. 
Figure 6,- Concluded. 
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(a) Square fuselage, F2* 

FigT-ure 7*- Effect of v/ing position on the pitching -moment coefficient of 
several unswept and 45° sweptback wing-fuselage -tail configurations 
through the sideslip range, a = 0°, 10°, 20°, and 26°. 
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(b) Deep rectangular fuselage, Fj. 
Figure 7.- Continued. 
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iVf H2 

W2 F4 V2 H 2 


-20 -16 -12 -8 -< 0 4 8 12 16 20 

Angie of sidesiip, /5, deg 


(c) Shallow rectangular fuselage, 
Figure 7 *- Concluded. 
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Angle of attack, OC, deg 


Figure 8.- Variation of the strut tare corrections to Cm, and Cl 

for several unswept and ^ 5 ° sweptback wing-fuselage -tail configurations 
through the angle -of -attack range . 
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(a) Square fuselage, F2. 

Figure 9.- Effect of wing position on the static longitudinal stability 
characteristics of several unswept and ^5^ sweptback wing-fuselage 
configurations . 
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(b) Deep rectangular fuselage, Fj. 


Figure 9,- Continued 
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(c) Shallow rectangular fuselage, Fi^. 
Figure 9.- Concluded. 
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(a) Center of moments for A = 0^. 


(b) Center of moments for A = ^5^. 


Figure 10.- Static longitudinal stability characteristics of several fuselage configurations 

with different center -of -moment locations. 
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Figure 11.- Static longitudinal stability characteristics of several fuselages 
in combination with unswept- and 45° sweptback-tail configurations. 


MCA TN 5857 


./ 



6 

5 

4 

3Cd' 

2 

/ 

0 



Figure 12.- Static longitudinal stability characteristics of the unswept 
and 45^ sweptback wings. Wings located on balance center and at 
Zih/b = 0.0672 above and below balance center. 
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Angle of attack, 00, deg 


Figure 13 •- Static longitudinal stability characteristics of several 
unswept and 45° sweptback wing-tail and isolated- tail configurations . 
Wings located on balance center and at Ah/b = O.0672 above and 
below balance center. 
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(a) Square fuselage, F 2 . 

Figure 14.- Effect of wing position on the static lateral stability 
characteristics of several unswept and 45° sweptback wing-fuselage- 
tail configurations . 
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(b) Deep rectangular fuselage^ Fj. 
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Figure l 4 .- Continued 
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(c) Shallow rectangular fuselage, F4. 


Figure ll-.- Concluded 
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Figure 15 •- Variation of the strut tare corrections to Cy ^ Cn ^ and 

for several unswept and 45 sweptback wing-fuselage -tail config- 
urations through the angle -of -attack range. 
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(a) a = 0 °. 

Figure l 6 .- Effect of wing position on the static lateral stability 
characteristics of several unswept and 45 ° sweptback wing-fuselage- 

tail configurations. Square fuselage, F2. um 
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(b) a = 10°. 


Figure l6.- Continued. 
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Figure l 6 .- Continued 
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(d) a = 26°. 
Figure 16.- Concluded. 
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(a) a = 0°. 

Figure 17*- Effect of wing position on the static lateral stability 
characteristics of several unswept and 45° swepfback wing-fuselage - 
tail configurations. Deep rectangular fuselage, Fj. 
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(b) a = 10°. 
Figure 17>- Continued. 
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(c) a = 20°. 
Figure 17*- Continued. 
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(d) a = 26°. 

Figlire I7.- Concluded. 
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(a) a = 0^. 

Figure l8.- Effect of wing position on the static lateral stability 
characteristics of several imswept and 45^ sweptback wing -fuse lage- 
tail configurations. Shallow rectangular fuselage^ F]^. 
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(b) a = 10 °. 


Figure l 8 .- Continued 
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(c) a = 20°. 


Figiu'e 18.- Continued, 
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(d) a = 26°. 

Figure I8.- Concluded. 
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(a) Square fuselage, 

Figure I9.- Effect of wing position on the tail contribution to Cv . 
Cnp^ of several vuiswept and 45 ° sweptback wing-fuselage- 

tail configurations . 
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(b) Deep rectangular fuselage, Fj. 
Figure 19*- Continued. 
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(c) Shallow rectangular fuselage, Fij.. 


Figure 19 •- Concluded. 
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(a) Square fuselage, F2* 

Figure 20.- Effect of wing position on the static lateral stability 
characteristics of several unswept-wing and 45° sweptback-wing — 
fuselage configurations. 
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(b) Deep rectangular fuselage, F^. 
Figiire 20 .- Continued. 
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(c) Shallow rectangular fuselage, F 4 . 
Figure 20.- Concluded. 
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(a) A = 0°. (b) A = 45 °. 

Figure 21.- Variation with wing height-span ratio of the effective dihedral angle due to 
wing-fuselage interference for several unswept-wing and 45° sweptback-wing— fuselage 
configurations, a = 0°. 
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Figure 22.- Comparison of the measured and calculated variation of the 
total increment in due to wing-fuselage interference for 

unswept-wing and ^5° sweptback-wing— fuselage configurations caused 
by moving the wing from low to high position, a = 0°. 
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Figure 23 •- Static lateral stability characteristics of several fuselage configurations with 

different center-of -moment locations . 
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Figure 24.- Static lateral stability characteristics of several fuselages 
in combination with unswept- and 45° sweptback-tail configurations. 
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Figure 25.- Static lateral stability characteristics of the unsvept 
and 45^ sweptback wings. Wings located on balance center and at 
Ah/b = 0.0672 above and below balance center. 
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(a) Z^Ji/b = 0 and +O.O5O. 

Figure 26 .- Static lateral stability characteristics of several unswept 
and 45° sweptback wing-tail and isolated- tail configurations. Wings 
located on balance center and at Ah/b = 0 . 057 ^ O.O5O, and O.O672 
above and below balance center. 
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(b) /!sh/h = 0 and ±0.0672. 
Figure 26.- Continued. 
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(c) Ah/b = 0 and +O.O37. 


Figure 26.- Concluded. 
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(a) Ah/b = 0 and +O.O5O. 

Figure 27.- Effect of wing position on the tail contribution to Cv , 

Cnp; and of several unswept and 45° sweptback wing-tail 

configurations . 


ON 

VO 


MCA TN 5857 




(b) z^h/b = 0 and ±0.0672. 
Figure 27.- Continued. 


o 


NACA TN 5857 



0 4 8 12 16 20 24 28 32 

Angle of attack, OC, deg 



4 8 12 16 20 24 28 

Angle of attack, OC, deg 


(c) Ah/b = 0 and +0.05T- 


Figure 27.- Concluded 
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(a) Fuselage 2. Wing in high position. 

Figure 28.- Comparison of the effect of fuselage, wing, and wing -fuselage 

combination on the tail contribution to Cy and • 
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(b) Fuselage 2. Wing in low position. 
Figure 28.- Continued. 
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(c) Fxiselage 5. Wing in high position. 
Figure 28.- Continued. 
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(d) Fuselage 5 * Wing in low position. 
Figure 28.- Continued. 
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(e) Fuselage 4, Wing in high position. 
Figiore 28.- Continued. 
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(f) Fuselage 4. Wing in low position. 
Figure 28.- Concluded. 
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